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Abstract
Lightowler, C.; Pidal, G.; Chiaramonte, P.; Maidana, H.R.; Pérez Valega, E. Kaenel, 
R.M.: The echocardiography diagnosis of cor pulmonale in a horse. Rev. vet. 18: 1, 46–49, 
2007. The authors describe the two-dimensional and Doppler signs that characterize the pul-
monary hypertension caused by chronic obstructive pulmonary disease (COPD) in a horse. 
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Resumen 
Lightowler, C.; Pidal, G.; Chiaramonte, P.; Maidana, H.R.; Pérez Valega, E. Kaenel, 
R.M.: Diagnostico ultrasonografico del “corazón pulmonar” en el caballo. Rev. vet. 18: 1, 
46–49, 2007. Los autores describen los signos ecocardiográficos bidimensionales y Doppler 
característicos de la hipertensión pulmonar que desarrolla en el “corazón pulmonar” produ-
cido por enfermedad pulmonar obstructiva crónica (EPOC) en un caballo. 
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INTRODUCTION
The two-dimensional echocardiography and cardiac 
Doppler are important tools in the diagnosis of heart 
disease in horses 2, 14, 18, 20 . A lot of information exist 
referred to the anatomical characteristics, quantitative 
aspects and values of the different indexes referred to 
the left ventricle, but little about the right ventricle in 
this specie, especially referred to the echocardiography 
signs for diagnosis of cor pulmonale 2 . 
CASE HISTORY 
The diseased horse was an 8-year-old pony, 198 kg 
body weight and 1.20 m height. The horse was presented 
to consult with a pour general state, expiratory dyspnea 
with countershock of flanks and sporadic cough. The 
reference indicated that the process was chronic (more 
of 6 months of duration). 
Physical examination. The clinical evaluation put 
in evidence tachypnea (26 breath/min) and the presence 
of pulmonary wheeziness and crackles. At cardiac level 
we detected tachycardia (78 beat/min) and the presence 
of a loud tricuspid murmur (4/6). A presumptive diag-
nosis of chronic obstructive pulmonary disease (COPD) 
was made and a bronchoalveolar lavage, ventigraphy, 
thorax radiography, electrocardiogram and an echocar-
diography study were indicated. The follow up of the 
patient was of 75 days and in this moment the owner 
request its euthanasia. 
Bronchoalveolar lavage (BAL). Total volume of 
BAL recovered = 107 ml. Total cell recovery = 2.02 x 
106
 
ml. Cell count (%) = neutrophils: 13.1; lymphocytes: 
37.2; macrophages: 39.2; mast cells: 5.4; eosinophils: 
0.7 and epithelial cells: 4.04.
Ventigraphy. At five minutes of introduced the pro-
be develops a delta wave of basal partial pleural pres-
sure of 35 cm of water (normal value: < 4 cm of water). 
Ten ml of clembuterol IV were injected. At 10 minutes 
a value of partial pleural pressure of 21 cm of water 
was obtained. Result: severe bronchospasm at rest and 
partial remission with clembuterol IV.
Thoracic radiography. Increase of the pulmonary 
density with diffuse interstitial and peribronchial pat-
tern. Air-bronchograms and bronchial calcifications. 
Bronchopneumonia (Figure 1). 
Electrocardiography. Electrocardiographic study 
revealed a resting heart rate of 78 beat per minute with 
a sinus rhythm. Waves, segments and intervals were 
normal. 
Echocardiography (two-dimensional and Do-
ppler). The most significant findings were a marked 
enlargement of right ventricle with evident flattening of 
the interventricular septum (Figure 2) and paradoxical 
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movement of interventricular septum (Figure 3). The 
diastolic diameter of the right ventricle was the double 
of the left ventricle. The aortic diameter at annulus level 
was 5.2 cm and the pulmonary artery diameter at valve 
level was 6.2 cm (Figure 4). The color flow mapping 
showed an important tricuspid regurgitation (Figure 5). 
The peak velocity of the tricuspid flow wave (measured 
through spectral continuous Doppler) was 4.45 m/sec 
(pressure gradient of 79.21 mmHg). The evaluation 
of the transpulmonary flow through pulsated Doppler 
showed a peak velocity of 0.62 m/sec with an evident 
shortening of the time to peak velocity (0.06 sec), right 
ventricular pre-ejective periods prolongation (0.98 sec) 
and a right ventricular ejection time reduced (0.24 sec). 
The ascending branch of the transpulmonary flow wave 
showed a midsystolic notching due to the midsystolic 
closure of pulmonary valve typical of pulmonary hy-
pertension (Figure 6). 
Necropsy. Abdominal cavity and abdominal or-
gans without particularities. Thoracic cavity: scarce 
pleural effusion. Lungs: congestive with adherent mu-
cus in bronchus and bronchioles. Atelectatics areas and 
enfisematous bullae. Heart: right ventricle enlargement 
(Figure 7). Cardiac weight: 3.27 kg (1.65% body weight).
DISCUSSION 
Cor pulmonale is a constellation of right heart mor-
phologic and functional changes, most of which are 
echocardiographically detectable, occurring in conjunc-
tion with pulmonary hypertension secondary to chronic 
Figura 2. Short axis right paraesternal window. Cor-
dae tendinae level view. The right ventricular cavity is 
enlarged and the interventricular septum is flattened 
due the right side hyperten-sion.
Figura 1. Thorax X-ray. Increase of the pulmonary 
density with diffuse interstitial and peribronchial pat-
tern. 
Figura 3. Long axis right paraesternal window. Fourth 
chambers view. The frame show ventricular systole. 
The interventricular septum bow toward left ventricle 
(paradoxical movement). 
Figura 5. Color flow mapping at tricuspid level. 
The picture show the regurgitante flow. 
Figura 4. Short axis right paraesternal window. Car-
diac base view. The diameter of the pulmonary artery 
is enlarged and the aortic / pulmonary ratio is altered. 
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lung disease. The physiologic stimulus is exposure to 
chronically increased afterload in the pulmonary cir-
cuit. The syndrome manifest as hypertrophy of the right 
ventricular wall with diastolic compliance abnormali-
ties in conjunction with chamber enlargement, systolic 
dysfunction and ultimate clinical right heart failure 4, 17 
. The cor pulmonale has several etiologies 21 . In horses 
the most common is the chronic obstructive pulmonary 
disease 21, 22 . The literature describes a very low inci-
dence of cor pulmonale in horses affected with COPD 
although it is unclear if this is due to lack of observation 
or a truly low incidence 7, 8 . Horses severely affected 
with COPD consistently develop pulmonary hyperten-
sion, but do not always develop right ventricular hyper-
trophy 5 . 
References about echocardiographic two-dimensio-
nal signs of pulmonary hypertension exist in dogs 13 and 
equine 2 , but the references about Doppler ultrasound 
signs referred to cor pulmonale (and pulmonary hyper-
tension) in horses are scarce. The right ventricular en-
largement with a flattened interventricular septum and 
paradoxical septal motion secondary to right ventricu-
lar volume overload and dilated pulmonary artery are 
seen with severe pulmonary hypertension 6, 9, 10, 19 . 
The Doppler ultrasound facilitates the cuali and 
quantitative evaluation of the pulmonary artery pres-
sure 16 . Agreement exists that the quantification of the 
pressure in the pulmonary artery (ruled out the exis-
tence of valvular stenosis) can be carried out applying 
the Bernoulli equation to the velocity of the regurgitant 
flow of the tricuspid valve (when exists) 1, 11, 12, 15, 25 . 
Other characteristics of the Doppler ultrasound eva-
luation permit to confirm the existence of pulmonary 
hypertension (although not quantify it) 3 . The measu-
rement of the right ventricular pre-ejective period, the 
ejection time of the same ventricle, the time since the 
beginning of the flow to the point of the peak velocity 
(time to peak velocity) and the study of the profile of 
the ascending branch of the pulmonary flow wave per-
mit to infer the presence and estimate the degree of the 
pulmonary hypertension 2, 9, 15, 16 . 
When the right ventricle should increase its end-
diastolic pressure to eject against an increased resistan-
ce (pulmonary bed hypertension) the pre-ejective pe-
riod (isovolumetric contraction time) is prolonged, the 
ejection time is shortened and the peak velocity is re-
ached prematurely due to premature decay of the pres-
sure gradient which shortens the time of acceleration of 
the transpulmonary flow wave. 
Other qualitative assessment of the pulmonary ar-
tery flow is also useful in identifying pulmonary hy-
pertension as the mid-systolic decrease in flow or notch, 
due to the midsystolic closure of pulmonary valve 3, 23, 
24 . This alteration in Doppler flow probably relates to 
reflected wave as a result of elevated pulmonary vascu-
lar resistance and systolic pressures. This sign indicate 
the presence, but not the exact severity of pulmonary 
hypertension. 
In conclusion, we consider that the evaluation of the 
pulmonary pressure through the study of the flow velo-
city of the tricuspid regurgitation and the measurement 
of the time to peak velocity of the pulmonary flow and 
the evaluation of the profile of the ascending branch of 
the transpulmonary flow wave searching the correspon-
ding notch due to mesosystolic closure of the pulmona-
ry valve through the Doppler ultrasound, are sufficient 
for diagnosis of pulmonary hypertension in the horse. 
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